Diversity in both biological attributes and the external, lived environment gives rise to different susceptibilities, exposures, health outcomes, and longevity. Public policy can modify the effects of external differences, if groups at greatest risk are identified and pathways to excess vulnerability are understood, by rebalancing and redistributing the inputs or social determinants that work their way under the skin to ultimately cause biological disadvantage. In the past three decades, a large volume of research has identified the nature of these social determinants of health-including income, socioeconomic status (SES), income inequality, social connectedness, and social capital-and the pathways by which they undermine or reinforce innate health. Often listed among these, but rarely studied, is gender. Medical research may identify sex differences when they exist; however, the varied social roles, expectations, and constraints experienced by men and women in a given society go well beyond the individual and sex differences and are rarely examined as inputs responsible for variation in health outcomes. As a result, health-affirming policies tend to homogenize groups (e.g., assuming that all women are the same) or target individual behaviors, and do so in a gender-blind fashion rather than addressing structural biases and inequities that undermine those behaviors. This article explores the nature of gender as a determinant of health and describes how the effects of gender inequities can be included in health outcomes research that can then shape health planning and policy.
In this context, the term "sex" will be used to connote the biology of being female or male. Gender will refer to roles each sex assumes within a specific group, setting, culture, or country, and to associated hierarchies, power relations, differential access to resources, and divisions of labor. 2, 3 For example, bearing children is a sex role; however, taking responsibility for parenting is a gender role. There is often some overlap between the two. Gender roles may arise from biological imperatives and, conversely, social behaviors and actions may shape biology. Animal studies have demonstrated that aggressive, risk-taking male behavior likely stems from the biological priority of mating and reproducing. 4, 5 In what has become a central article documenting how culture and gender determine biology, Fausto-Sterling shows that bone strength is intimately linked to gender roles and constraints. 6 Despite the ubiquitous nature of gender and its associated inequities, research describing its effects on health outcomes, particularly on interactions between gender and sex, SES, and environmental antecedents of disease, is minimal. 7 One of the difficulties in reviewing existing scholarship on methodologies for including gender in research is finding the appropriate studies to review. Using "gender" as a search term is problematic for several reasons. First, "gender" itself is not a U.S. National Library of Medicine Medical Subject Heading (or MeSH term) but maps onto "gender identity," defined as "a person's concept of self as being male and masculine or female and feminine, or ambivalent, based in part on physical characteristics, parental responses, and psychological and social pressures. It is the internal experience of gender role." 8 An inherently contextual or group-level characteristic thus translates into an individual trait.
Even more elusive is gender equity, defined by the World Health Organization as "fairness and justice in the distribution of benefits and responsibilities between women and men" and different from gender equality (the absence of discrimination). 9 "Gender equity" does not map onto any term, while "equity" alone is interpreted to mean pay equity or is related to taxation. Secondly, conflation and confusion exist throughout the medical and scientific literature between sex and gender. Authors often stratify their findings by sex and then label these results as gender differences. Although sex-disaggregated outcomes associated with particular inputs are a component of good research, they do not identify whether gender norms or constraints are independent determinants of health.
To include any social determinants in population health research requires moving beyond the decontextualized study of individual risk factors and examining in vivo outcomes where multiple interacting inputs contribute to a web of causation. 7 As DeFur et al. have written, "Health outcomes are predicted by the relationships among measures of environmental conditions (stressors), receptor characteristics (measures of potential vulnerability), and receptor resources (abilities to respond or recover)." 10 The concept of a single causative agent is, nevertheless, appealing because embedded within it is the prospect of a resolution for the disease outcome via eradication or immobilization of that agent. The social determinants approach is more nuanced, presenting challenges for arresting illness. Such is the tension between causes and contexts, with the cause seeming to be more amenable to control and perhaps more acquiescent to change than is the context-the social milieu. However, although risk-factor approaches may identify associations between individual independent variables and likelihood of disease, only an exploration of the context in which those risk factors operate will explain why they activate disease processes in some circumstances but not in others.
Two examples of how gender interacts with biological predisposition may clarify this concept. Lupus is a condition that appears to have a non-sex-linked genetic risk factor, predisposing carriers to, but not resulting in, illness. Some as yet unidentified infectious or environmental trigger seems to "turn on" the genetic switch and lead to actual disease. 11, 12 Although the incidence of lupus among women is nine times that among men, research on gender differences shaping this disparity is lacking. Might there be some explanatory factor related to gender roles or equity? Could the study of interactions among sex, measures of gender, and biological antecedents shed some light on what predisposes women to, and protects men from, this illness?
As a second example, whenever a woman in sub-Saharan Africa dies of acquired immunodeficiency syndrome (AIDS), the causative agent is human immunodeficiency virus. The latter is the necessary but not sufficient explanation for her demise. Of equal or greater etiological significance are social norms that accept forced sexual activity and the powerlessness of women to control circumstances surrounding sexual activity. Risk-factor analysis can identify individuals whose bodies are more able to resist infection or whether circumcision diminishes transmission of the virus, but only an analysis of social circumstances such as gender inequalities will explain why the incidence of AIDS varies so dramatically with geography. Epidemiologist Geoffrey Rose concluded the following in his classic 1985 article, "Sick Individuals and Sick Populations": Case-centered epidemiology identifies individual susceptibility, but it may fail to identify the underlying causes of incidence. The "high-risk" strategy of prevention is an interim expedient, needed to protect susceptible individuals, but only for so long as the underlying causes of incidence remain unknown or uncontrollable; if causes can be removed, susceptibility ceases to matter. 13 
MeasuRInG GendeR and GendeR equIty: MetHods and FIndInGs
Aspects of gender and gender equality can be measured at the individual, group, or mixed levels, as well as by examining interactions between sex and social measures, such as income.
Individual-level measures and outcomes
Describing gender roles and quantifying acceptance of or dissonance with these roles offer two options for incorporating individual-level indicators of the effects of gender on health. 14, 15 The Bem Sex Role Inventory is the most widely used and validated measure of masculinity and femininity. 16 Several scales, such as the Gender Role Stress Scale, can be used to determine whether an individual's values are at odds with the gender norms of the society in which that individual lives. 17, 18 Although one might intuitively expect that such measures would not be related to exposures or outcomes, the limited existing research suggests otherwise. Higher femininity scores among men, for example, are associated with a lower incidence of coronary artery disease. 19 Two Swedish studies showed that when men take on female gender roles, their health appears to improve, whereas the association between masculine roles and women's health may be less advantageous. Although freeing women from the most traditional of roles and expectations may augment health, in more egalitarian settings and cultures, female well-being may suffer when women adopt workplace behaviors traditionally seen as masculine. 20, 21 There are other possible but as yet unexplored individual-level indicators of gender equality specific to particular places and cultures. In many settings, gender equality parallels freedom of movement and is closely linked to control over one's life. 22 Women living in more repressive countries are often confined to the home, unable to venture out without male accompaniment or to drive, and are generally cut off from the external world. Even in more egalitarian societies, women often monitor their surroundings for danger and threats in a manner unknown to most men. 23 This gender difference could be measured by gathering information about freedom of movement and utilized to examine whether gender has a significant impact on exposures and health outcomes. Freedom of movement is just one example of how to measure whether gender norms and constraints at the individual level mediate health.
Group-level measures
Gender is, by definition, a group characteristic. The norms, expectations, and roles captured in this summative term arise from belief systems of collections of individuals who share a commonality, such as space, religion, culture, or race/ethnicity. In reality, it is gender equity or fairness and equality (that is, equal outcomes), rather than gender itself, that can be described and quantified within and across groupings. Nevertheless, options in current use for including such measures in health research are few and limited in scope or applicability.
Several measures rank gender equality at national levels, including the United Nations Development Programme's Gender Empowerment Measure and Gender-Related Development Index, and the World Economic Forum's Global Gender Gap Index. 24, 25 Each measure summarizes proportions such as ratios of women to men in higher education, government, and the labor force, and some include male and female life expectancies across the geographic unit of countries. Their strength is that they give a national numeric ranking of global gender equality. However, because of the nature of their component measures, none can meaningfully be applied to geographic units smaller than nations. As a result, variations among groups within countries may be averaged out and disappear. If, for example, a nation included just two groups, one that discriminated against all women and the other that discriminated against all men, the overall index would rank the country at the 50th percentile, as the ratios of all measures would show that women achieved parity half of the time. In fact, such a country would represent an extreme of gender inequality for all its citizens. A second caution regarding these indices is that they should be used in conjunction with measures of SES and interactions between the two to disentangle the independent effects of gender equality and other social factors.
The health determinants literature is replete with population-based or multilevel studies showing that, in general, relative deprivation, social isolation, or being the object of discrimination somehow wound and kill. [26] [27] [28] [29] Although being worse off increases the risk of virtually all illnesses and shortens life expectancy, this effect is more pronounced in men. The direct relationship between SES and well-being interacts with gender such that, despite the lower incomes of women relative to men, they universally outlive their male counterparts. Including a group-level measure of gender equality in the research on social circumstances and health would enrich understanding of such sex differences. By measuring gender equality (that is, by quantifying the cumulative effects of gendered differences in social expectations, exposures, vulnerabilities, and access to resources alone, or in combination with other social factors, such as SES), research could move beyond an understanding based solely on sex disaggregation of data. 30 To date, however, no indicator or index of gender equality for use in community (i.e., not international level) studies has been reported, studied, or validated.
There is a significant body of health outcomes research examining income inequality, defined as the gap between the richest and the poorest people across a geographic unit (often a country) and often quantified using the Gini coefficient. 29 Although social programs within a country may either attenuate or eliminate the effects of this inequality, the evidence generally points to an association between greater income inequality and poorer health outcomes, independent of income itself. 27, 29, 31 There is, however, virtually no research on the health effects of another form of income inequality-the relative gap between incomes of men and women within any community or grouping-nor is there any measure of gender income inequality comparable to the Gini coefficient. One might not expect any association between the size of this gender income gap and population health outcomes, but it is only by asking such research questions that a full understanding of which disparities enter the body to alter well-being is gained and that gender's contribution to the web of causation becomes visible.
Multilevel or hierarchical measures
The interaction between individuals and social systems is dynamic, with each shaping the other in a sort of feedback loop. Using multilevel analysis, it is possible to examine the interactions between characteristics of both the individual and the group. Such models allow us to examine how particular effects vary across groups, as well as within them, and compare the extent of outcome variability from group to group. Individuals from each group are sampled, but groups are sampled as well. If, instead, group-level data are assigned to individuals in a regression analysis (e.g., each person living in a region could be allocated the average air quality for the area), and the cluster is ignored, the methodology will assume the independence of each individual and erroneously increase the power of the study, resulting in a type 1 error. Multilevel analysis minimizes the errors inherent in analyzing data at one level and interpreting the meaning at another level.
Some possible group-level measures of gender equality that could be included in multilevel research include social indicators of freedom of movement, 22 systemic support for parenting by men and women, and average age at first pregnancy. In a study of sex differences in depression across 29 countries, multilevel analysis added depth to the findings that would have been unachievable by using either individual or national data alone. 32 Along with individual characteristics such as sex, age, self-reported health, SES, marital and employment status, satisfaction with financial situation, freedom of choice and control, and self-efficacy, two group-level indicators of gender equality were included.
Hopcroft and Bradley replicated the findings of most individual-level studies, showing that being female, having less control, and having lower income predict poorer mental health, but they also found that in countries with lower gender equity overall, depression among men increased. Higher gender equity broadened the gap between the incidence of depression among men and women, with women suffering the largest disproportion of illness in the most egalitarian countries. By disentangling individual and group inputs, the authors were able to deepen the understanding of social antecedents to depression. They suggested that a sense of relative deprivation appeared to explain their findings. 32 In less egalitarian societies, women may only compare their position with that of other women and, therefore, have less of a sense of marginalization than in more equal societies where women have broader horizons and, thus, are more aware of the limits of their own lives relative to those of men and other women. By incorporating indicators of social context into research, the variable, and perhaps the unexpected in vivo effects of external inputs such as gender equity, will begin to be understood.
MoRe questIons tHan answeRs
Attention to gender and gender equality as variables associated with health outcomes is a prerequisite, although perhaps not the answer to many questions of etiology and health outcome. As an example, the incidence of non-sex-specific cancers (e.g., colon, blood, lymphatic, and renal), excluding those with a known cause (lung cancer), is markedly higher among men than women. 33, 34 No sex-specific genetic predispositions have been identified to explain the discrepancies. Somehow, as yet unrecognized aspects of behavior, exposure, and vulnerability of men and women-all components of gender-may explain this disparity. 35 Is the risk-taking behavior that is so much more prevalent among men bringing them into contact with carcinogenic environmental triggers? Is there some aspect of male behavior that inhibits the body's natural protective surveillance systems? Does sexspecific biology interact with exposures to have different health effects? Perhaps, for example, the estrogen receptors in women enable endocrine disruptors to affect them in ways that don't affect men, conferring risk in some circumstances and protection in others. Do reproduction and lactation change the internal milieu of women's bodies such that some environmental chemicals either accumulate or deplete in women during pregnancy and postpartum in a manner that is not possible in men? These are some of what could be an extensive list of questions addressing how the individual-and group-level manifestations of gender and gender equity might translate into biochemical processes and health outcomes.
This article has built upon the increasing scholarship suggesting that the divide between biology and socially determined traits may, in fact, be an interaction rather than a division, with each one shaping the other. It has also proposed new methods and measures to address gender's role in determining individual and public health. At present, and within health sciences research, gender remains a somewhat hidden social determinant of well-being. Gender analyses could and should extend well beyond stratification of data by sex to examine differences between men and women arising from social circumstances, but triggering individual biological outcomes. Methodologies for measuring gender equity and equality, although underdeveloped and underutilized, could enrich understanding of associations and causal pathways from exposure to health outcomes and broaden our grasp of how social circumstances alter biology and shape health.
